China has long been negatively affected by a shortage and maldistribution of health workers. This study aimed to examine the national and regional trends in the demo- tributions by intra-regional and inter-regional differences on total inequality were explored within and among East, Central, and West China via Theil index decomposition.
Summary
China has long been negatively affected by a shortage and maldistribution of health workers. This study aimed to examine the national and regional trends in the demo- tributions by intra-regional and inter-regional differences on total inequality were explored within and among East, Central, and West China via Theil index decomposition.
We found that the national demographic distribution of health care professionals maintained in an absolute equality level, and the inequality indices decreased gradually, whereas the corresponding geographic inequalities were severe and presented a worsening trend. Compared with nurses, physicians not only maintained higher densities but also maintained a more equal distribution. Intra-regional disparities within the east, central, and western regions were the main cause for overall demographic inequality, whereas both intra-regional and inter-regional disparities significantly contributed to overall geographic inequality. To conclude, the distribution equality of health care professionals by population was satisfactory, whereas the corresponding distribution inequality by area was severe. Different types in China. 26, 27, 32 Therefore, regional inequalities of HRH distribution have become an increasingly prominent problem.
To eliminate these disparities, numerous policies have been introduced to set up an equitable and accessible health care system ever since China launched its New Medical Reform (NMR) in 2009. Under the guidance of the idea of Health for All and Healthy China 2030, the Chinese government began to strengthen the government's responsibility to provide basic health care to improve health equity. 34 Related reform policies on HRH development mainly focus on the increase in the quantity and quality of HRH and the redistribution of HRH to poor regions. Supportive policies include enhancing medical education, strengthening financial support, and expanding primary health care facilities. 35 Nevertheless, the policy effect is unknown, as previous studies mainly have conducted analyses based on cross-sectional data. 14, 23, [26] [27] [28] Therefore, a thorough discussion is necessary regarding the annual changes in the maldistribution of health care professionals.
Additionally, most previous studies that involved assessment of the inequality of HRH distribution have focused on demographic allocation. [11] [12] [13] [14] [15] [16] In other words, HRH per capita and its equality have long been a research priority.
However, health care researchers have proven that the distribution inequality of health care professionals depends strongly on the underlying measure of health care needs. 36 Factors apart from population size, such as geographic area, also are related closely to the local needs and utilization of health care services. 23 Since China is a large developing country that covers a vast territory, huge disparities exist among regions or provinces, not only in population size but also in geographic area. In this way, evaluation on HRH distribution inequality based on HRH per geographic area is necessary. We have noticed that the few studies on the geographic allocation of HRH have only conducted a descriptive analysis on geographic density of health workers or have analyzed overall distribution inequality in a certain region or province. 23, 37 Analysis that measures the geographic distribution inequality nationwide and that traces the sources of overall national inequality has been scarce.
Therefore, in cases of non-uniform distributions of health care needs across regions, the present study aimed to measure the distribution inequalities of health care professionals as not merely demographic but also geographic in China over the recent 15 years, from 2002 to 2016. The demographic distribution inequality was measured based on the number of health care professionals per capita, whereas the geographic distribution inequality was measured based on the number of health care professionals per geographic area. Given that there were huge regional disparities regarding socioeconomic development and geographic conditions within and among the eastern, central, and western regions, we also explored the corresponding intra-and inter-regional disparities as sources of overall inequalities. The results of this study could reflect the effect of NMR on the distribution inequality of health care professionals, which may provide references for the Chinese government when introducing HRH policies.
2 | METHODS
| Data collection
We collected data from the last 15 years (from 2002 to 2016) to track the changes in the unequal allocation of health care professionals in China. The data on health care professionals were obtained from the China Health and Family
Planning Statistics Yearbooks 2003 to 2017, whereas the economic and population data were gathered from the China Statistical Yearbooks 2003 to 2017. These two yearbooks contain powerful and reliable data from previous years and are published openly by the Chinese central governments. 38, 39 For research objects, we analyzed the distribution of total health care professionals to explore the overall situation of distribution inequality of HRH in China.
Physicians and nurses, the basic composition of health care professionals, were also included as our analysis object in the present study. Pharmacists, technicians, and other health technical staffs were not analyzed due to unavailable provincial data. 39 For the sake of government administration, China was divided into 34 provincial administrative regions (hereinafter jointly referred to as provinces), 38 as shown in Figure 1 . We analyzed the data of the 31 provinces in mainland China and excluded the Hong Kong and Macao special administrative regions and the Taiwan province due to an inconsistent quality of the statistics. As for common regional distinction, these 31 provinces are grouped into three regions according to their economic development and geographic locations. 38 There are 11, 
| Measurements
For a descriptive analysis on the demographic and geographic distribution of health care professionals, we calculated the densities of health care professionals (in this case, total health care professionals, physicians, and nurses) per 1000 residents and per 10 000 square kilometers (km 2 ), respectively, on national and regional levels from 2002 to 2016. We also computed the ratio of physicians to nurses to determine the allocation structure of health care professionals.
On the basis of the descriptive analytical results, we adopted both demographic and geographic approaches to track the trend of inequalities in the distribution of health care professionals, given that evident demographic and geographic disparities exist in China. The two approaches affected local health care needs, and the number of both HRH per capita and HRH per area made sense regarding the accessibility of health care services. The demographic distribution inequality was measured based on the number of health care professionals per population and was applied to see whether regions or provinces of equal population size owned an equal quantity of health care professionals; the demographic distribution inequality was measured based on the number of health care professionals per geographic area and was applied to see whether regions or provinces of equal geographic area owned an equal quantity of health care professionals. The calculations used three indices, namely, the Gini coefficient, Theil T index, and Theil L index. Economists originally applied these techniques to measure income inequality. 40, 41 In recent decades, these indices have been introduced widely to analyze the allocation inequality of health care resources. 28, 33, 40, [42] [43] [44] The Gini coefficient, the most widely adopted inequality index, is the ratio of the area between the Lorenz curve and the ideal equality line. 40 In this study, it was computed as
where G is the Gini coefficient; CY i represents the cumulative proportion of health care professionals in the ith province; CX i represents the cumulative proportion of population size or geographic area in the ith province; and n is the total number of the provinces in a region (or country). The larger the Gini coefficient is, the greater the allocation inequality is. The Gini coefficient is an absolute indicator and has a universal assessment standard; a Gini coefficient < 0.2 indicates absolute equality, 0.2 to 0.3 is relative equality, 0.3 to 0.4 is proper inequality, 0.4 to 0.5 is large inequality, and above 0.5 represents severe inequality. 40 The Theil T and Theil L indices have also been adopted widely to explore inequality. 41 The Theil T index was calculated by weighting the proportion of health care professionals and was sensitive to changes in provinces with a high proportion of health care professionals. The Theil L index was calculated by weighting the demographic or geographic proportion and was sensitive to changes in provinces with a low proportion of health care professionals. Their calculation formulas are as follows:
In the above formulas, T T and T L are the Theil T index and Theil L index, respectively. x i represents the population size or geographic area in ith province; X represents the total population size or geographic area in a region (or country); y i represents the number of health care professionals in ith province; Y represents the total number of health care professionals in a region (or country); and n represents the number of provinces. The Theil index ranges from 0 to 1, indicating the degree of inequality in health care professionals distribution. The greater the Theil index is, the less equal health care professional allocation is. Different from the Gini coefficient, the Theil index is a relative indicator with no universal assessment standard. 27 In the present study, the time sequence for the changes in the Gini coefficient and two Theil indices revealed annual changes in the distribution inequality of health care professionals over time.
Additionally, the two Theil indices have an advantage to be "decomposed." 42 They permit units (in this case, country) to be partitioned into mutually exclusive and exhaustive groups (in this case, regions and provinces). In this way, overall inequality can be separated into a weighted sum of "within group inequality" (T intra ) and a "between group inequality" (T inter ). 41 The present study applied the widely accepted decomposition method of the Theil index proposed by Bourguignon and Shorrocks to confirm intra-regional and inter-regional disparities among and within the eastern, central, and western regions in China. 28, 45, 46 Supposing e, c, and w, respectively, represent the three regions in China, namely, East China, Central China, and West China, respectively, we set the computation formulas for the Theil T index of each region and the corresponding decomposition formulas as follows:
Similarly, the decomposition formulas of the Theil L index are shown as follows:
All statistical computations in this study were conducted in Microsoft Excel 2013.
3 | RESULTS 3.1 | Trends in the distribution density of health care professionals Table 1 shows that the number of health care professionals on the national and regional levels consistently increased The latest provincial data, as shown in Figures 2 and 3 The slightly increasing trend of these indices presented the worsening trend of geographic distribution inequality. We also found an even greater imbalance of nurses compared with physicians for geographic allocation. Physicians generally were distributed more equally than nurses in both demographic and geographic levels.
| Trends in the distribution inequality of health care professionals at the regional level
As illustrated in the Methodology section, we grouped all 31 provinces of China into three regions. The trends in distribution inequality of health care professionals in these three regions were different. As shown in Figure 5 , all three regions maintained a relatively equal allocation of health care professionals by population during the past 15 years.
Their Gini coefficients mainly stood at the level of absolute equality (Gini coefficient < 0. 
| Trends in the intra-regional and inter-regional distribution inequality of health care professionals
The decomposition of Theil index, depicted in Figure 7 , demonstrated the trends of intra-regional and inter-regional disparities of health care professional allocation within and among East, Central, and West China. Demographically, the disparities within these regions were the main cause for the overall inequality. The inter-regional Theil index Despite slightly decreasing trends of both intra-regional and inter-regional inequality indices of total health care professionals, the intra-regional Theil indices continued to account for approximately 80% of the total Theil index during the study period. The situation was similar for both physicians and nurses. Over the last 15 years, although decreases in the intra-regional Theil indices were more evident than the inter-regional Theil indices, intra-regional Theil indices remained as multiples of inter-regional Theil indices. The results are consistent with the regional inequality indices.
Slight differences were observed in the value of the Gini coefficient, and the two Theil indices among East, Central, and West China. However, the gap between the highest and lowest HRH density by population between provinces within each region was, generally, substantially higher than the range between regions. Therefore, intra-regional inequality was substantially larger than inter-regional inequality, although the differences within these regions were resolved remarkably. When comparing physicians with nurses, we found that the inequality improvements in allocation of nurses intra-regionally and inter-regionally were significantly greater, similar to the inequality improvement nationwide.
Regarding the geographic distribution inequality of health care professionals, both intra-regional and interregional disparities were considered in the overall inequality. From Figure 7 , we found that the decomposition results of Theil T index and Theil L index of total health care professionals were different. Taken together, however, both inter-regional and intra-regional inequalities were worth attention in future policy plan, which made sense for overall found that the inter-regional allocation of nurses became more equal to that of physicians since 2009, whereas the intra-regional distribution of physicians remained more equal than that of nurses' distribution during the last 15 years.
| DISCUSSION
The present study explored the demographic and geographic distribution inequalities of health care professionals, together with their trends from 2002 to 2016. From a descriptive analysis, we easily could determine that the quantity and density of health care professionals presented continuous growth during the study period. The number of per capita physicians and nurses in most provinces surpassed the minimum international standard. A more significant increase was observed after the NMR than before the NMR. Since China launched its NMR in 2009, many policies have been introduced to move toward universal health care coverage. Many qualified HRH have been cultivated to place the primary health care service system into universal coverage. 23 Great amounts of financial subsidies have been invested on health workers by the central and local financial sectors to attract and retain health care professionals. Education departments also implemented policies to support medical education among general practitioners and nursing staff. The government even provided free education to encourage medical students to serve as residents in rural West China. The data supported an evident increase in nurse quantity in the western region since the NMR.
However, despite this progress, the allocation structure of health care professionals remained irrational. The national physician-to-nurse ratio was still as low as 1:1.10 in 2016, which was not even close to the WHO standard. Provinces all over the country somehow still lacked nurses.
The present results were consistent with previous studies in China. 20, 37 Ample evidence shows that the nursing shortage has become a global problem, either in developing countries, such as China and Bangladesh, 11 or in developed countries, such as the United States. 47 One reason for a nursing shortage may be the long-lasting idea in China of emphasizing disease treatment but neglecting disease prevention. 48 Numerous Chinese residents have been overvaluing disease treatment, which brings individual benefits directly, while undervaluing preventive nursing care. 49 In this manner, the public mostly regards nurses as servers and as inferior to physicians. In hospitals, incentive policies for nurses, such as opportunities for career progress and benefits, are incomparable to those for physicians. In primary health care institutions, especially in rural remote areas, apart from nurses, physicians are also limited. The scarce physicians available even undertake nursing activities. The retention and cultivation of nursing staff become problematic due to an insufficient emphasis and low social recognition for nurses. Even though many policies have been implemented to increase nurse quantity and adjust the allocation structure of health care professionals since the NMR, the effect of these policies takes time. The nursing shortage is also closely related to its allocation inequality. As we reported, nurses had a poorer distribution equality than did physicians. Developed regions, which provide a higher income and more opportunities, attracted most nurses. A large-scale labor migration from poorer into richer areas caused underdeveloped regions to have worsening shortages and an unequal allocation of nursing staff. 33, 48 This condition evidently was manifested in the geographic nurse allocation, which was more unequal than the demographic allocation. The increasing demand for nursing staff will expand given the rapidly aging population in China. The equalization of nurse allocation demographically and geographically requires increasing policy attention.
The analytical results presented evident inequalities in health care professional allocation among eastern, central, and western regions in China, following inequalities in their socioeconomic development. East China, where large coastal cities are located, is rich in natural resources and is economically and technologically advanced. Also included in East China are Beijing, Shanghai, Guangzhou, and Shenzhen (two metropolises in Guangdong province), the four main political and economic centers in China. These provinces have attracted numerous young people to create wealth. They also have established more developed health care systems and own many more health care resources than provinces in Central and West China. 33 Although not comparable with eastern provinces, the provinces in the central plain region also have a decent economy because of well-developed manufacturing and service industries.
The provinces in West China remain relatively underdeveloped regarding socioeconomic development. Some residents still live in remote mountainous areas; the provinces there have a much lower average availability of health care resources, including health care professionals, than do eastern provinces. Almost every country faces health worker shortage in remote areas. 50 The reasons for the attrition of health workers in remote China are similar to those of other countries, as follows: lack of wage bonuses and non-financial incentives, 51 poor working and living environments, and limited opportunities for career development. 6, 19, 28 In addition, the market economy in China offers health workers the freedom to migrate into richer areas and practice in their preferred places. 6, 48 As a result, majority of quality HRH are concentrated in regions with good socioeconomic conditions. Evidence has shown that developing countries, including China, also face an internal and external migration of their health workforce. 50 Many Chinese nurses are moving to developed countries, such as Singapore, to look for decent wages, good working conditions, and sufficient continuous educational opportunities. [49] [50] [51] For China, a lack of government macroeconomic regulation and control is another essential reason for a structural imbalance of resource allocation. Tax-sharing reform in 1994 undermined the role of the central government administration and the fiscal power and administrative authority of local governments became unbalanced. The local governments then began to bear more responsibility regarding health care financing than did the central government. Accordingly, financial pressure dramatically increased among local governments, especially in underdeveloped regions. Developed provinces have sufficient financial capability to invest in health care development and can offer decent welfare benefits to their health care professionals, whereas underdeveloped provinces cannot afford those benefits. 23, 52 This condition also entices qualified health workers from less developed regions to move to well-developed regions. The irrational arrangement of resources that resulted from financial disparities in local government led to the Matthew Effect. As a result, the rich became richer in health care professional distribution, whereas the poor became poorer. Regional inequalities consequently emerged.
Comparing the demographic and the geographic distribution of health care professionals in China, we found that distribution by population size indicated an absolute equality level and the inequality indices decreased gradually, whereas the distribution by geographic area was in severe inequality, and its situation worsened with increasing inequality indices. This demonstrated that the distribution of health care professionals by geographic area was a severe and a core concern for future HRH allocation, whereas the corresponding distribution inequality by population was not. This was reflected in the provinces of China, where a thousand residents possessed a similar quantity of health care professionals, whereas a thousand square kilometers possessed an extremely different quantity of health care professionals. Similar conclusions also have been reached in previous research for certain provinces of China. 44 This result was unsurprising under the population-oriented allocation policy of HRH. In contemporary China, most resource allocation programs consider population size as the most important factor, and only few focus on geographic area. Our investigation suggests that not only China but also most countries all over the world allocate their health workers and develop policy planning programs according to population size. 12, 36 For example, the WHO argued that at least one physician and two nurses should serve 1000 residents. 28 In this manner, the distribution density of health care professionals and their improving demographic inequality showed that the Chinese government improved equitable access to health care. However, although the Chinese government implemented many policies since the NMR in 2009 to achieve the equalization of public health services, such as education planning to increase the number of health care professionals, the imbalance of regional distribution of health care professionals geographically did not change. The increase in the supply of HRH did not necessarily reduce the corresponding distribution inequality. By contrast, the distribution inequality of HRH may be worsening because newly produced health workers may be attracted to the eastern provinces, which are densely populated and economically developed. Consequently, few resources were allocated to sparsely populated western regions. The data implied that residents in West China still had to travel a long distance to receive health care services. Therefore, the severe inequality of HRH in geographic areas must be considered seriously. The traditional simple population-oriented allocation model of HRH should switch to a diversified model. For policy-makers, the influencing factors of population size, geographic area, and economic level, among others, should be considered jointly. 26, 27 The government is advised to introduce preferential policies and create jobs for HRH in remote underdeveloped areas and to develop an equitable sustainable system. [53] [54] [55] Moreover, through Theil index decomposition, intra-regional disparities were observed. Beyond the disparities between East, Central, and West China. Although East China is the most developed region, it does not have the best demographic equality. By contrast, Central China is the best in this aspect. This result has been discussed in other works published by Chinese researchers. 27 A possible reason is that, the Chinese government has invested much in stimulating the socioeconomic development of underdeveloped areas in the central and western regions during the past few years. Remote cities and counties in the West have enjoyed more financial support and favorable policies since NMR. However, the relatively remote provinces in East China were not mentioned. 44 Therefore, disparities between regions gradually have been eliminated, whereas intra-regional inequalities within East China have been not. Intra-regional inequality of HRH distribution became the main source for overall inequality in populations. Geographically, the within-region and between-region disparities contribute to total inequality. In particular, the populous East China presented the greatest equality whereas the expansive West China had the least.
The reason might be associated with regional differences in population density and economic development. 27, 33 Therefore, increased government attention should be paid to remote western provinces, such as Tibet and Qinghai, which have abundant land, sparse population, and a lagging economy. Although the population densities of these provinces are lower than 10 persons per square kilometer, their residents severely need accessible health care services.
Finally, the study had several limitations. A major one was that the available data only included the quantity of health care professionals but did not provide detailed information at the individual level, such as the education and professional qualifications of health workers. The unavailability of data made comprehensively and intensively tracing the changes in the HRH distribution and its quality difficult. In addition, the data published by the statistical yearbooks was extremely broad and could not clarify the relationship between distribution inequality and regional socioeconomic factors. The factors that have resulted in the maldistribution of health care professionals and were derived from intra-and inter-regions should be elucidated further.
| CONCLUSION
This study investigated the annual trend of health care professional distribution and its demographic and geographic inequality from 2002 to 2016 in China. Despite increasing quantities and densities of health care professionals over the recent years, different types of distribution inequalities existed regionally and nationally. Generally, following the HRH allocation policy in contemporary China, regions of equal population size had an equal quantity of health care professionals, whereas regions of equal geographic area did not. Nevertheless, an absolute distribution equality of HRH is not entirely reasonable because the health status, health care service needs, and utilization of different individuals in different regions are different. 56 Therefore, policy-makers should consider all influencing factors, including population size, geographic area, and economic development, when making local HRH plans. Residents of socially deprived areas, such as the western provinces and eastern underdeveloped provinces in China, deserve more policy attention. Further studies still are necessary to reveal the relationship between local HRH maldistribution and socioeconomic factors.
